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REMARKS  OF  THE  FMEA  PROCEDURES  FOR  SHIPS  

WITH  DYNAMIC  POSITIONING  SYSTEMS 

It was presented the remarks concerning to examples of results of fault mode and effect analysis 

(FMEA) for vessels with dynamic positioning systems. The verifying procedures are very detailed. 

They concern all important vessel systems: energy generation, its conversion and delivering, 

propulsion systems, the force and direction measuring of extortions, position and heading positioning 

supports systems and determining of vessel’s actual position, drift speed and heading. 

The trial reports are documents certifying the fulfillment of requirements of determined DP class and 

procedures (effects and propositions) of crew actions on the event of failure or damages.  
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INTRODUCTION 

 Fault Mode and Effect Analysis (FMEA) are required by Classification 

Society for dynamic positioning (DP) class 2 and class 3 vessels. It seeks to ensure 

no single fault that could result in loss of vessel position. It needs to be proven in 

practice during FMEA proving trials at sea. Failures are simulated and results 

documented in reports [3–6]. 
It ought to be remembered that only 60% of the incidents on DP vessels are 

single failure scenario [8] but this is the easiest way to simulate single failure and 
to check the result. Estimating about 97% of incidents could have been avoided by: 

• better knowledge in competence and understanding; 

• improved testing and verification; 

• better prepared procedures with training processes of crew; 

• determination of operational limits criteria. 

1. EXAMPLES OF FMEA REPORTS 

 The reports of FMEA [3, 4, 5] are prepared for DP class 2 vessels. The FMEA 
and verifying trials have found no single failure that will result in the vessel being 
unable to maintain DP control and operation. The most often worst case system 
failures are: 
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• fuel oil failure in daily tank (for example: by water contamination) or other 

failures of fuel oil supply system (leakages, dirty or blocked filters, air-locking); 

• the loss one of main engine (due to redundancy of DP2 and DP3 system – 

vessel would still be able to maintain position and heading); 

• short circuit on one section of main switchboard resulting in a loss of equipment 

connected to the faulty bus-bar; 

•  fire or flood in one of bulkheads, the most dangerous situation if occurred in 

the engine room compartment.  

 The examples of failure modes (partial) are presented in the Table 1. 
  

Table 1. Failure mode – partial [3] 

Failure Effect Alarm Comments 

Fail air supply to 
clutch 

Clutch will fail open “Clutch air pressure 
low” alarm 

Each clutch is supplied by 
a dedicated reservoir, so 
this failure is affect on 
single propeller, DP 
operations have continued 

Fail governor speed 
command signal 

Engine continues to 
operate at last speed 
setting 

No alarm Does not affect operation 
of thruster 

Fail DP signal 
feedback 

Thruster continues to 
run un-effected 

No alarm Does not affect operation 
of thruster 

Fail DP pitch 
command 

Thruster pitch fails to 
“zero pitch” 

DP system, “thruster 
prediction error”, 
alarm 

Other stern thruster will 
compensate for loss of 
that thruster 

2. AN EXAMPLE OF FMEA FOR SEA WATER SYSTEM [4] 

All important for DP operation vessel’s systems are verified under FMEA 
procedures. An example of sea water system is shown in Fig. 1. 

 

 

Fig. 1. Sea water system of DSV Adams Challenge [4] 
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There is a classical sea water system with two independent plate coolers with 
back-flushing systems and three sea water pumps working parallel. A number of 
working pumps depends on demand of cooling medium. Verified failure modes for 
sea water system is presented in Table 2. There are only two levels of probability: 
low and medium determined by FMEA inspector’s decision. The high level is not 
presented. Similar there are only two levels of criticality: minor and major. Of 
course the vessels with DP class 2 and 3 have professional and experienced staff 
and are prepared to prevent for near all failures or to smooth away.  

Looking for proposed remarks (all in that references [3, 4, 5]) there is no any 
difficult or important problem having dangerous effect on DP operations. If we 
take into consideration only often occurring problems, easy to eliminate by engine 
room (ER) or deck officers (DO) staff but at low risk for DP operation we may 
forget about the most dangerous ones but occurring very rarely. For the safety of 
DP operation the staff response to the most dangerous failures are the most 
important. 
 

Table 2. Failure modes of sea water system [4] 

Failure 
mode 

Cause(s) Probability Local effect Final effect Criticality Remarks 

Blocked 
suction 
filter 

Medium Low pressure 
alarm in ECR. 
Standby pump 
starts 

Reduced 
cooling  

Minor  Quick action  
by ER staff will 
prevent this 
problem 
manifesting itself 
further 

Pipe-work 
failure 

Low  Low pressure 
alarm in ECR. 
Standby pump 
starts 

 Medium  Inform DPO if 
fault cannot be 
easily rectified. 
Engines will be 
operating on 
reduced load 
and there will be 
ample reserved 
capacity 

Sea 
water 
pressure 

Pump 
failure  

Low  Low pressure 
alarm in ECR. 
Standby pump 
configured 
and started by 
the operator 

Cooling 
water 
pressure 
returned 

Minor  No loss of 
position 

LT 
cooler 

Choked 
or dirty 
plates 

Low  Rise in LT 
temperature  

High LT 
temperature 
could result 
in high 
engine 
temperatures 
and engine 
shutdown 

Minor  Each system is 
fitted with  
a back-flushing 
arrangement. 
Planned 
maintenance will 
reduce likelihood 
of this occurring 

 

How to give attention to the most often worst case system failures? So it was 

prepared additional Risk Management Tools.     
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3. RISK MANAGEMENT TOOLS 

 Risk management tools are methods prepared on situations of the most 

dangerous failures [7]. They have been increasingly used through the DP vessels. 

The most popular methods are as following: 

• Critical Activity Mode of Operation (CAMO); 

• Task Appropriate Mode (TAM), sometimes the other name is Safest Mode of 

Operation (SMO); 

• Activity Specific Operating Guidelines (ASOG); 

• Well Specific Operating Guidelines (WSOG) [1, 7, 8]. 
The CAMO method sets out the most fault tolerant configuration for the DP 

system and associated plant and equipment [1]. CAMO is applied to all critical 
activities. 

The TAM method is applied to less critical activities where position loss is 
found acceptable before the project or operation. There is accepting that a single 
point failure could result in exceeding the vessel’s worst case failure [1].  

The ASOG method sets out the operational, environmental and equipment 
performance limits for the location and the specific activity the vessel is 
undertaking. 

The WSOG method concerns to a group of drilling, well stimulation or diving 
support vessels taking into account the specificity of that type of DP operations.  

The differences among above mentioned methods of calculating the risk of 
case failure are very small, depends mainly on vessel type and vessel’s exploitation 
state. The effectiveness of mentioned methods is dependent on a detailed 
engineered assessment and the accurate establishment of the operational limits 
required for the intended dynamic positioning operations. 

The importance of risk management guidelines for offshore industry has been 
acknowledged by the DNV. In 2011 the DNV endorsed the “MTS DP Operations 
Guidance 2010” issuing the “DP Systems Operation Guidance – Recommended 
Practice” [2, 13]. Next in 2012 IMCA issued the “Guidance on Activity Operational 
Planning” and presented the overview of risk management tools [7]. 

How do the tools look? An example of Activity Specific Operating Guideline 
(ASOG) is shown in Table 3. 
 For the comparison other mentioned method was Critical Activity Mode of 
Operation (CAMO). An example of that method is shown in Table 4. There is more 
simply method, only with two operational states – conditions: green and blue.  

With new application of rules, guidance, guidelines and procedures the risk of 
DP operations may be decreased [8, 11, 12, 13]. However how to use all available 
tools like: DP FMEA, DP Operations Manual, DP Capability Plots, IMCA and 
IMO regulations, Risk Management Tools etc.? Any next tool must provide value 
for bigger success. 

The new hope is from new types of software. If the new software is 

developed, verified and validated will be in an “Alpha” version. After the tests by 

selected users it stays in a “Beta” version. Only the high quality software may meet 
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the necessary standards for safety-critical control systems. The next tools like 

Hardware-In-the-Loop (HIL) is a well proven test methodology try to fulfill the 

needed tests [9, 10, 14].  

 
Table 3. An example of Activity Specific Operating Guideline [1] 

ASOG – Activity Specific Operating Guideline mv …… 

Condition 
Green  

(green colour) 
Advisory  

(blue colour) 

Yellow  
(yellow 
colour) 

Red  
(red 

colour) 

Notify Master, Chief 
Engineer, Client Rep  
and other vessels in area 

NO YES YES YES 

Action 
Continue normal 
operation 

Informative/consultati
ve status (risk assess) 

Prepare  
to abort 
operations 

Abort 
operations 

DP checklists (location, 
bridge and ECR) 

Completed 
Not completed or 
abnormalities noted 

  

Current and predicted 
weather conditions  

Within operating 
limits, both intact 
and after worse 
case failure (verify 
capability plots) 

Approaching 
operating limits 

Exceeding 
operating 
limits 

 

Prevailing weather force Not towards asset 
Weather changing 
towards asset 

Towards 
asset 

 

Drive off or drift off 
All systems 
operating correctly 

Difference in vessel 
position between 
Survey, Navigation 
and DP 

Immediately 
when 
recognized 
by DPO 

Unable  
to bring 
vessel 
under 
control 

Main propulsion load <45% Approaching 50% Any >50%  

 

 
Table 4.  An example of Critical Activity Mode of Operation (CAMO) [1] 

CAMO – Critical Activity Mode of Operation m/v ….. 
(this setup applies when the vessel is carrying out Operations while on DP) 
(vessel to be set up and stabilized on DP before entering the 500 m zone) 

Condition Green (green colour) Advisory (blue colour) 

Notify master, Chief Engineer, 
Client Rep, and other vessels 
in area 

NO YES 

Action Continue normal operations 
Informative/consultative status 
(risk assess) 

Switchboard set up 
6.6 kV bus tie open 
480 V tie closed 

Any other set up 

Shaft generators 
Tested at 100% on field arrival 
or within the last 6 months 

Not tested at 100% on field 
arrival or within the last 6 
months or problem found 

Shaft generators SG1 and SG2 online Any other set up 

Auxiliary diesel generators SG1 and SG2 online Any other set up 

Gyros  All gyros enabled Any gyro unavailable  

DP control system Available  Unavailable  
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CONCLUSIONS 

The Risk Management Tools can be considered as the most efficient tools 

available for the conducting of safe DP operations. The basic one will be still 

FMEA procedures. Safe DP operations shall always consider the vessel 

configuration, the arrangement of thrusters, vessel operational limitations etc. The 

most important aim will be the adequate response to failures.  

The training of crew, especially DP operators will be the key for adequate use 

of tools and the vessel safety. 
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UWAGI DO PROCEDUR FMEA STATKÓW Z SYSTEMAMI 
DYNAMICZNEGO POZYCJONOWANIA   

Streszczenie  

W artykule przedstawiono uwagi dotyczące przykładów wyników analiz trybów niesprawności oraz 

ich efektów (FMEA) statków z systemami dynamicznego pozycjonowania. Procedury sprawdzające są 

bardzo szczegółowe. Dotyczą wszystkich ważnych systemów statku: wytwarzania energii, jej przetwa-

rzania i dostarczania, układów napędowych, określania siły i kierunku wymuszeń, wspomagania 

utrzymania pozycji lub kursu statku oraz określania jego aktualnej pozycji, prędkości przemieszczania 

i kursu. Raporty z badań są dokumentem potwierdzającym spełnianie wymagań określonej klasy 

dynamicznego pozycjonowania oraz procedur (skutków i zaleceń) postępowania załogi w przypadku 

wystąpienia niesprawności lub awarii.   

Słowa kluczowe: statek, system dynamicznego pozycjonowania, klasa systemu DP, analiza trybów 

niesprawności i efektów, raporty FMEA. 


